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WO 99/51198 PCT/US99/07495 
DERMATOLOGICAL FORMULATIONS AND METHODS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to enhancing the 
pigmentation response to inducers of melanogenesis by 
inclusion of melanogenesis -enhancing agents in formulations 
applied to skin # hair # wool or fur. 



2 • Descript ion of the Related Art 

There have been various descriptions of the use of 
compounds for stimulating melanogenesis or pigmentation. 
U.S. Patent No. 5,352,440 describes increasing melanin 
synthesis in melanocytes and increasing pigmentation by 
administration of certain diacylglycerol compounds. 
Increased pigmentation in mammalian skin via administration 
of certain DNA fragments is disclosed in U.S. Patent No. 
5,532,001. U.S. Patent No. 5,554,359 is directed to 
increasing levels of melanin in melanocytes by 
administration of lysosomotropic agents. And various 
melanogenic diols are described in Brown et al., 1998, J. 
25 Invest. Dermatol., 110:428-427. 

While certain methods and compositions for stimulating 
pigmentation are known, there exists a need for improvements 
in the art. The present invention provides improved methods 
and compositions for stimulating pigmentation responses in 
mammalian skin, hair, wool or fur. 
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ftPMMARY OF THE INVENTION 

The present invention provides a method for increasing 
the pigmentation response of mammalian skin, hair, wool or 
fur to agents which stimulate melanogenesis , comprising 

5 administering to mammalian skin, hair, wool or fur a 
dermatological formulation comprising a melanogenesis - 
stimulating effective amount of an agent which stimulates 
melanogenesis in melanocytes, and a melanogenesis -enhancing 
effective amount of an agent which enhances the stimulation 

10 of melanogenesis by the melanogenesis-stimulating agent. 

More particularly, the melanogenesis-enhancing compounds are 
selected from among a-hydroxy acids, salts and derivatives 
thereof; a-keto acids, salts and derivatives thereof; 3- 
hydroxy acids, salts and derivatives thereof; retinoids, 

15 salts and derivatives thereof; Vitamin A and related 
compounds; acids such as trichloroacetic acid and 
trif luoroacetic acid; phenol; and, methoxypropyl- 
gluconamide . 

Another aspect of the present invention provides a 
20 dermatological formulation for increasing the pigmentation 
response of mammalian skin, hair, wool or fur to agents 
which stimulate melanogenesis. The formulation comprises a 
melanogenesis-stimulating effective amount of an agent which 
stimulates melanogenesis in melanocytes, and a 
25 melanogenesis-enhancing effective amount of an agent which 
enhances the stimulation of melanogenesis by the 
melanogenesis-stimulating agent. More particularly, the 
melanogenesis-enhancing compounds are selected from among a- 
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hydroxy acids, salts and derivatives thereof; a-keto acids, 
salts and derivatives thereof; 3-hydroxy acids, salts and 
derivatives thereof; retinoids, salts and derivatives 
thereof; Vitamin A and related compounds; acids such as 
trichloroacetic acid and trif luoroacetic acid; phenol; and, 
.aethoxypropyl-gluconamide . 

ttPTEF DESCRI PTION OF THE DRAWING? 

Figures 1A-1B illustrate skin pigmentation responses. 

DESPRTPTIOTJ OF THE PREFERRED EMBODIMENTS 
This invention is based on the unique observation that 
certain compounds greatly increase the pigmentation response 
in mammalian skin treated with agents known to stimulate 
melanin production in melanocytes- Thus, the present 
invention is useful in the treatment of hypopigmentation 
disorders, such as albinism, vitiligo, etc. It is also 
believed that increasing the pigmentation of skin according 
to the present invention will protect such skin from 
subsequent UV light damage, sunburn, photoaging and " 
development of skin cancers. 

The present invention may be used in the treatment of 
any mammalian skin, hair, wool or fur. Treatment of human 
skin is preferred. 

As discussed above, the present invention provides for 
an increased pigmentation response by administration of a 
composition comprising (1) an agent which stimulates melanin 
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production in melanocytes (i.e., a melanogenesis- stimulating 
agent), and (2) a compound which enhances pigmentation by 
the melanogenesis -stimulating agent (i.e., a melanogenesis - 
enhancing agent) . The melanogenesis -enhancing agent serves 
to provide a greater pigmentation response to a 
melanogenesis-stimulating agent than would otherwise occur. 

Melanogenesis -stimulating agents according to the 
present invention include melanogenic diols, triols and 
alcohols including but not limited to derivatives of 
norbornane, pinane and camphane; 3-isobutyl-l-methylxanthine 
1, 3 -di substituted xanthine, theophylline and its analogs and 
derivatives; diacylglycerol and its analogs including but 
not limited to i-oleoyl-2-acetyl-glycerol, l-oleoyl-2- 
butanoyl -glycerol, 1 , 2 -diacetyl -glycerol, 1, 2-butanoyl- 
glycerol, and 1 -hexanoyl- 2 -oleoyl -glycerol ; lysosomotropic 
agents; and DNA fragments. Any melanogenesis-stimulating 
agent may be used as long as its ability to stimulate 
melanogenesis is increased by the melanogenesis -enhancing 
agent . 

Preferred melanogenesis-stimulating agents are the 
melanogenic diols, triols and alcohols as described in U.S. 
Application Serial No. 08/933,143, filed September 18, 

1997, and PCT/US98 / entitled "Pharmaceutical 

Compositions and Methods", filed March 18, 1998, the 
contents of which are hereby incorporated by reference. 
Especially preferred melanogenic diols, triols and alcohols 
for use according to the present invention include 2,3- 
cis/exo-pinanediol ( [1R, 2R, 3S, 5RJ - [-] -pinanediol and 
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[lS,2S,3R,5S]-[+]-pinanediol); 2 , 3 -cis/exo-bornanediol ; 5- 

norbornene-2, 2 -dimethanol ; norbornane-2, 2 -dimethanol ; 2 - 
hydroxy- 2 - norbomaneme thanol ; 1 - ( exo - 2 -norbornyl - ) -propan- 
1,2-diol; and, 1- (endo- 2 -norbornyl- ) -propan-1 , 2-diol . 

Melanogenesis -enhancing agents according to the present 
invention include a-hydru*y acids, salts and derivatives 
thereof such as glycolic acid, lactic acid, ammonium 
lactate, mandelic acid, benzilic acid, malic acid, tartaric 
acid, gluconic acid and citric acid; a-keto acids, salts and 
derivatives thereof such as pyruvic acid; (5- hydroxy acids, 
salts and derivatives thereof such as salicylic acid; 
retinoids, salts and derivatives thereof such as tretinoin 
and isotretoin; Vitamin A, Vitamin A 2 and Vitamin A 
aldehyde; acids such as trichloroacetic acid and 
trifluoroacetic acid; phenol; and, methoxypropyl- 
gluconamide. The aforementioned compounds possess 
properties such as the ability to diminish epidermal 
corneocyte cohesion, reduce stratum corneum thickness, 
stimulate keratinocyte proliferation, increase epidermal 
thickness, result in more even distribution of melanocytes, 
result in more even distribution of melanin, and to 
stimulate dispersal of melanin. Any melanogenesis-enhancing 
agent may be used as long as it enhances the ability of a 
melanogenesis-stimulating agent to increase melanin 
production by melanocytes. Alpha-hydroxy acids are the 
preferred melanogenesis-enhancing agent. 

Alpha-hydroxy acids have not been reported to possess 
melanogenic ability. In fact, a-hydroxy acids have been 
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used to reduce hyperpigraentation of photoaged skin (Van 
Scott, E.J., and Yu, R.J. , 1989, Cutis 43:222-228; Stiller 
et al., 1996, Arch. Dermatol. 132:631-636). The present 
inventors, however, suggest that the effects of a-hydroxy 

5 acids which reduce pigmentation of photoaged skin are likely 
to be the same effects which increase the pigmentation 
response to agents that stimulate melanogenesis in 
melanocytes. Specifically, a-hydroxy acids have been 
reported to result in "more even distribution of melanocytes 

10 and melanin pigment" (Gilchrest, B.A., 1996, Br. J. 
Dermatol. 135:867-875), "less clumping of melanin 
pigmentation with a-hydroxy acid treatment" and "dispersal 
of melanin pigmentation" (Ditre, CM. et al . , 1996, J. Am. 
Acad. Dermatol. 34:187-195). In addition, a-hydroxy acid 

15 treatment results in increased proliferation and turnover of 
keratinocytes, which increases the rate of transport of 
melanin to the surface layers of the skin where it is 
sloughed off. In the absence of stimulation of melanogenic 
activity, the net result is an accelerated rate of loss of 

20 pigmentation. However, by the present invention it is 

contemplated that when a-hydroxy acids, or melanogenesis - 
enhancing agents in general, are applied to skin with a 
melanogenesis-stimulating agent, the a-hydroxy acids (or 
melanogenesis-enhancing agents) assist the processes of 

25 melanogenesis by enhancing distribution of melanin through 
the epidermis. 

The natural tanning response as elicited by solar 
irradiation stimulates not only melanin production in 
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melanocytes, but also proliferation of keratinocytes such 
that transport of melanin through the epidermis is enhanced 
(Jimbow, K. , et al., 1991. Biochemistry and physiology of 
melanin production, pages 873-909, In: Physiology, 

5 Biochemistry, and Molecular Biology of the Skin, L. A. 
Goldsmith, ed. oxford University Press, New York, Ut»A. ; 
Jimbow, K. , et al . , 1993. Biology of melanocytes, pages 
261-289, In: Dermatology in General Medicine, Volume 1, 
Fourth Edition, T.B. Fitzpatrick et al . , ed. McGraw-Hill, 

10 Inc . , New York) . Melanogenic diols act directly on 

melanocytes to stimulate melanogenesis (Brown et al. , 1997, 
J. Invest. Dermatol., In Press), but there is no evidence to 
indicate that melanogenic diols stimulate proliferation of 
human keratinocytes. Thus, they may stimulate only part of 

15 the physiological response necessary for effective tanning. 

It is contemplated that melanogenesis-enhancing agents, 
e.g., a-hydroxy acids, complete the requirements for 
effective tanning by stimulating the proliferation of 
keratinocytes and thereby facilitating the distribution of 

20 melanin throughout the epidermis. Furthermore, the reduced 
clumping of melanin and increased dispersal of melanin which 
are enhanced by a-hydroxy acids are well-known features of 
darkly pigmented skin (Jimbow, K. , et al . , 1993. Biology of 
melanocytes, pages 261-289, In: Dermatology in General 

25 Medicine, Volume 1, Fourth Edition, T. B. Fitzpatrick et 
al., ed. McGraw-Hill, Inc., New York) . 

It is further contemplated that all agents which are 
presently used for repair of photoaging and/or stimulation 
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o£ epidermal turnover (skin refreshing or peelmg) wrll 

effective as melanogenesis-enhancing agents in facilitating 
Che pigmentation response indnoed by melanogenesis- 

stimulating agents. 

Th e methods and compositions of the present invention 
template the use of one or more meXanogenesis-stimulating 
agents as an active ingredient to stimulate melanogenesrs, 
and one or more melanogene sis -enhancing agents to enhance 
pigmentation. In a preferred embodiment, the active 
ingredients are combined with an acceptable carrier to form 
a topical formulation which may be placed on the skin. 
Topical formulations may include ointments, lotions, pastes, 
creams, gels, drops, suppositories, sprays, liquids, 
shampoos, powders and transdermal patches. Thickeners, 
diluents, emulsifiers, dispersing aids or binders may be 
used as needed. Preferably, one function of the carrier rs 
co enhance skin penetration of the active ingredients, and 
should be capable of delivering the active ingredients to 
melanocytes under in vivo conditions. Suitable carriers are 
well known to one of ordinary skill, and include liposomes, 
ethanol, dimethylsulf oxide (DMSO) . petroleum jelly 
(petrolatum), mineral oil (liquid petrolatum) , water, 
dimethylformamide. dekaoxyethylene-oleylether. oleic acid. 
2-pyrrolidone and Azone® brand penetration enhancer 
(Upjohn) . Depending on the specific application, the 
compositions of the present invention may also include other 
active ingredients, as well as inert or inactive 
ingredients . 
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The dose regimen will depend on a number of factors 
which may readily be determined, such as severity and 
responsiveness of the condition to be treated, but will 
normally be one or more doses per day, with a course of 
5 treatment lasting from several days to several months, or 

until a cure is effected or a diminution of disease state is 
achieved, or a cosmetically desired degree of melanogehesis 
(tanning) is achieved, depending on the application. One of 
ordinary skill may readily determine optimum dosages, dosing 
10 methodologies and repetition rates. In general, it is 
contemplated that topical formulations (such as creams, 
lotions, solutions, etc.) will have a concentration of 
melanogenesis-stimulating agent of from about 0.01% to about 
50%, preferably from about 0.1% to about 10%. 
j 5 It is contemplated that melanogenesis -enhancing agents 

will be used at concentrations which diminish epidermal 
corneocyte cohesion, reduce stratum corneum thickness, 
stimulate keratinocyte proliferation, and increase epidermal 
thickness, without resulting in the phenomena known as 
20 "chemical peeling" (Piacquadio, D. , et al . , 1996, Dermatol. 
Surg. 22:449-452) . As such, the effective concentrations of 
melanogenesis-enhancing agents are expected to be in the 
range of 5% to 25% by weight (Stiller et al . , 1996, Arch. 
Dermatol. 132:631-636; Ditre et al . , 1996, J. Am. Acad. 
25 Dermatol. 34:187-195). However, in some cases where 
reparation of photodamaged skin is desirable prior to 
induction of pigmentation (tanning) , it is contemplated that 
much higher concentrations of melanogenesis-enhancing agents 
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may be used. Additionally, it is contemplated that 
short-term higher concentrations of melanogenesis -enhancing 
agents may be used instead of longer term application of 
lower concentrations of melanogenesis -enhancing agents. 

The use of and useful and novel features of the present 
me thods and compositions will oe further understood in view 
of the following non-limiting examples. 



Rvample 1 

The melanogenic agent 2 , 3 -R-pinanediol (2,3-R-PD) was 
formulated with inclusion of an a-hydroxy acid cream as 

follows : 

70% isopropyl 2.3-R-Pin- ■ffgggr.. ^^^^ 
15 a lcohol * aned3.ol find Cream ^ 



20 



25 



30 



#1 
#2 



165 Ml 85 m 9 250 Ml 



85 mg 250 fil' 165 & 

:i°£ P li%zily R ^ — ins 8% active 

alpha hydroxy acxds 

10 ,xl of each solution was applied 3 times per day to 
the skin of a human subject. Solution #1 was applied for 6 
days, while solution #2 was applied for 3 days. Solution #1 
resulted in no -irritation or erythema during the 6 day 
application period, while solution #2 resulted in irritation 
and erythema on the third day of application. Treated spots 
were subjectively evaluated for pigmentation response using 
a subjective rating system as follows: 0 = no change from 

10 
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background; +0.25 = slight darkening, indistinct; +0.5 = 
slight darkening, distinct; +1 = slight -moderate darkening; 
+2 moderate, even darkening; +3 = substantial , even 
darkening; +4 = profound, even darkening. 

5 When evaluated for pigmentation response 5 days after 

the cessation of applications, the location where Solution 
#1 was applied (Figure 1 A) exhibited moderate even 
darkening (pigmentation rating =2) , while the spot where 
Solution #2 was applied (Figure I B) exhibited slight to 

10 moderate darkening (pigmentation rating = 1) . In a previous 
experiment in which 10 /xl 2 , 3 -R-pinanediol dissolved in 100% 
ethanol was applied to the same subject 3-8 times per day 
for 6 days, the maximum pigmentation response obtained was 
slight darkening (pigmentation rating =0.5). These findings 

15 show that inclusion of a-hydroxy acid in f ormulations 

results in 4 -fold enhancement of the pigmentation response 
induced by 2 , 3 -R-pinanediol . 

Pigmentation of the location where Solution #1 was 
applied became apparent approximately 2 days after the final 

20 day of application. Pigmentation response where Solution #1 
was applied exhibited the following temporal pattern of 
pigmentation: 
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Days After Cessation . £ gS££ i0n 
„f go-In r. ion til App lication T^ppnse . 



PCT/US99/07495 



2 
3 
4 
5 
6 
7 
9 

12 
13 
15 



0.5 
1 

1.5 
2 

2.5 
2 

1.5 
1 

0.5 
0.25 



*Subiective rating scale where: 0 = no change from 

+2 = moderate, even darkening; +3 = substantial, even 
darkening; +4 = profound, even darkening. 



Alpha-hydroxy acids do not induce melanogenesis . 
However, a-hydroxy acids are known to diminish epidermal 

:5 corneocyte cohesion, reduce stratum corneum thickness, 
stimulate keratinocyte proliferation, increase epidermal 
thickness, result in more even distribution of melanocytes, 
result in more even distribution of melanin, and stimulate 
dispersal of melanin. Therefore, it is contemplated that 

30 a-hydroxy acids facilitate melanogenesis induced by 2,3-R- 
pinanediol by diminishing clumping of melanin, by 
stimulating dispersal of melanin including passage into 
keratinocytes, and by accelerating transport of melanin 
through the epidermis by stimulating proliferation of 

35 keratinocytes. 

There are no reports of a-hydroxy face cream or 
ingredients therein stimulating melanogenesis. Thus, it 
contemplated that it is the unique combination of agents 
which stimulate melanin production in melanocytes (e.g, 
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melanogenic diols) , and a-hydroxy acids which stimulate 
proliferation of keratinocytes with resultant melanin 
mobilization, that results in marked induction of skin 
pigmentation or sunless tanning. Further, it is 
contemplated that this combination of stimulation of melanin 
production in melanocytes, and stimulation of keratinocyte 
proliferation in epidermis, parallels the major 
physiological responses involved in the natural tanning 
process induced by solar irradiation. 
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1. A method for increasing the pigmentation response 
of mammalian skin, hair, wool or fur to agents which 
stimulate melanogenesis , comprising administering to 
mammalian skin, hair, wool or fur a dermatological 
formulation comprising a melanogenesis-stimulating effective 
amount of an agent which stimulates melanogenesis in 
melanocytes, and a melanogenesis -enhancing effective amount 
of an agent which enhances the stimulation of melanogenesis 
by the melanogenesis-stimulating agent. 

2. The method according to claim 1, wherein the 
melanogenesis-enhancing agent is selected from the group 
consisting of a-hydroxy acids, salts and derivatives 
thereof; a-keto acids, salts and derivatives thereof; (5- 
hydroxy acids, salts and derivatives thereof; retinoids, 
salts and derivatives thereof; Vitamin A and related 
compounds; acids; phenol; and, methoxypropyl-gluconamide . 

3. The method according to claim 1, wherein the 
melanogenesis-enhancing agent comprises a-hydroxy acids. 

4. The method according to claim 3, wherein the 

25 a-hydroxy acid is selected from the group consisting of 

glycolic acid, lactic acid, ammonium lactate, mandelic acid, 
benzilic acid, malic acid, tartaric acid, gluconic acid and 
citric acid. 

14 
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5. The method according to claim 1, wherein the 

dermatological formulation is administered to human skin. 

6. The method according to claim 1, wherein the 

5 melanogenesis- stimulation agent comprises 2 , 3 -R-pinanediol . 

7. A dermatological formulation for increasing the 
pigmentation response of mammalian skin, hair, wool or fur 
to agents which stimulate melanogenesis, comprising a 

10 melanogenesis-stimulating effective amount of an agent which 
stimulates melanogenesis in melanocytes, and a 
melanogenesis -enhancing effective amount of an agent which 
enhances the stimulation of melanogenesis by the 
melanogenesis-stimulating agent . 

15 

8. The formulation according to claim 7, wherein the 
melanogenesis -enhancing agent is selected from the group 
consisting of a-hydroxy acids, salts and derivatives 
thereof; a-keto acids, salts and derivatives thereof; £- 

20 hydroxy acids, salts and derivatives thereof; retinoids, 
salts and derivatives thereof; Vitamin A and related 
compounds; acids; phenol; and, methoxypropyl-gluconamide . 

9. The formulation according to claim 7, wherein the 
25 melanogenesis -enhancing agent comprises a-hydroxy acids. 

10. The formulation according to claim 9, wherein the 
a-hydroxy acid is selected from the group consisting of 

15 
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glycolic acid, lactic acid, ammonium lactate, mandelic acid, 
benzilic acid, malic acid, tartaric acid, gluconic acid and 
citric acid. 

11. The method according to claim 7, wherein the 
melanogenesis- stimulation agent comprises 2 , 3 -R-pinanediol . 
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